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Executive Summary 
 

This report summarizes the results of the Challenges in Microbial Sampling in the Indoor 

Environment Workshop held on February 14-15, 2011 at the National Institute of Standards and 

Technology in Gaithersburg, Maryland.   

As the causative agent(s) of infectious and noninfectious disease, the microbial quality of the 

indoor environment has a significant impact on human health. Humans spend more than 90% of their 

time indoors and are in intimate contact with air and surfaces. Potential exposure routes to 

microorganisms are diverse and include direct ingestion, inhalation, and ingestion through hand or 

fomite to mouth transfer [1-3].  A fundamental understanding of the microbial community in the built 

environment, including estimates of diversity, function, and concentrations is necessary to develop an 

accurate portrayal of human exposure [4].  However, characterization of indoor microbial community 

quality has been hindered by challenges associated with aerosol and surface sample collection methods 

and strategies. Known biases with sampling including sample selection and collection efficiencies limit 

both the accuracy of reported quantities and validity of the data.  There is little work examining the 

direct biases in represented populations or in addressing the uncertainty accumulated through sample 

collection and processing for both surface and aerosol microbial communities [5]. This lack of 

ǳƴŘŜǊǎǘŀƴŘƛƴƎ Ŏŀƴ ǎŜǾŜǊŜƭȅ ƛƳǇŜŘŜ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊΩǎ ŀōƛƭƛǘƛŜǎ ǘƻ ƛƴǘŜǊǇǊŜǘ Řŀǘŀ ŀƴŘ ǉǳŀƴǘƛǘŀǘƛǾŜƭȅ ŘŜŦƛƴŜ 

differences in environments or treatments. Important challenges include sample extraction efficiencies, 

impacts of sampling on viability, introduction of contamination, and method detection limits. In the case 

of aerosols and surfaces, standard sampling protocols are not adequate and have not been fully 

validated. Furthermore, current air and surface sampling techniques traditionally coupled with culture 

techniques and the associated extraction and processing procedures are not optimized for modern 

paradigms in microbial analysis that depend heavily on genomics [6, 7]. 

The purpose of the Challenges in Microbial Sampling in the Indoor Environment Workshop was 

to explore current aerosol and surface sample collection methods for microbial community quality 

characterization. This report highlights the current state of aerosol and surface sample collection science 

for unknown microorganisms in complex indoor environments, identifies needed investment in 

fundamental research and standards development, and provides guidance based on our current 

understanding to inform efforts to sample aerosols and surfaces for nucleic acid-based analysis. Invited 

participants included representatives from academia, industry, and government.  
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1. INTRODUCTION 

 

Background 

The microbial quality of the indoor environment can have a significant impact on human health. 

Microorganisms harbored in the spaces in which we work and live have been associated with infectious 

diseases, acute toxic effects, allergies and cancer. Humans spend more than 90 percent of their time 

indoors and are in intimate contact with the surrounding air and surfaces [8]. Potential exposure routes 

to microorganisms are diverse and include ingestion, inhalation, and contact transmission, either person 

to person or via fomite contamination1.  A fundamental understanding of the microbial community in 

the built environment, including estimates of diversity, function, and concentration, is necessary to 

develop an accurate portrayal of human exposure and to inform the design and operation of buildings to 

improve human health [4, 9, 10].  

 

Early microbiological surveys relying on culture-based detection methods provided important, but 

limited insight into the diversity of microflora inhabiting indoor environments [11-16].  The vast majority 

of microbes cannot be cultured using traditional methods [7] and the observed cultivable population 

may be biased by the choice of culture method (e.g. high vs. low nutrient media).  In recent years, our 

understanding of the microbiome has broadened dramatically with the advent of DNA sequence-based 

phylogenetic approaches, which facilitate culture-independent characterization of the entire microbial 

community through direct isolation of genomic DNA from an environmental sample [7].  Studies utilizing 

this mostly rRNA encoding gene-based approach have revealed an astonishing diversity of 

microorganisms in the built environment and are helping to elucidate the ecology of healthy and 

impacted  indoor environments [3, 17-21]. It has become clear that microbes inhabiting buildings are 

distinct from the outdoor populations [3] and in large part originate from humans sharing that 

environment [17, 19, 20]. Some commonly abundant bacterial and fungal taxa present are shown in 

Figure 1.1.  A mix of skin-surface bacteria in indoor air, surface, bulk and dust samples is common, even 

if levels are relatively high.  Both small scale (building characteristics)[22] and large scale factors (e.g., 

climate and geography) [18, 19, 21] can influence the microbial quality of the indoor environment.  

 
Although we are gaining a better understanding of the community constituents, the overall impact of 

the indoor microbiome on human health is difficult to discern.  Part of the challenge in determining 

health impacts is our limited ability to quantify exposure to potentially hazardous organisms, assess the 

relationship between presence of an organism and its ability to cause disease (viability) and to precisely 

identify which  organisms present in the environment are mediating disease.  

                                                      
1 A fomite is an inanimate object (e.g., cloth, mop head, bedding) or substance capable of carrying infectious organisms (such as 

germs or parasites) and transferring them from one individual to another.  
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Accurate characterization of microbial communities depends upon the ability to collect an unbiased 

sample from the indoor environment. However, biases in current sample collection methods (e.g., 

sample selection and collection efficiencies) may limit both the accuracy of reported microbial 

populations and the validity of the data.  While there is some guidance on the selection and integration 

of sample collection methods into a sample collection strategy and plan [23, 24], there is little guidance 

for addressing the uncertainty accumulated through sample collection and processing for both surface 

and aerosol microbial communities. This lack of understanding can severely impede the ability of 

researchers and practitioners to interpret data and quantitatively define differences in environments or 

treatments. Furthermore, current air and surface sampling techniques traditionally coupled with culture 

techniques, and the associated extraction and processing procedures, are not optimized for modern 

microbial analysis that depend heavily on genomics [6, 7].l 

 

Figure 1.1. Some Common Microbes in the Indoor Environment 

Bacteria: 

Firmicutes 

Bacillus spp: Spore-forming bacteria associated mostly with soil and dust. Most are not 

considered to be serious pathogens. 

Staphylococcus spp: Inhabitant of and shed from skin surfaces.  Commonly found species 

indoors include Staphylococcus epidermidis, S. hominis and S. aureus, a potentially 

pathogenic species. 

 

Actinobacteria 

Including Micrococcus, Corynebacterium, and Propionibacterium spp: Bacteria from the 

normal shedding of skin, found in mattress dust and on surfaces in areas of higher occupant 

density or inadequate ventilation, and generally considered harmless.  

 

 Proteobacteria 

Pseudomonas spp: May persist on wet or moist surfaces in the form of biofilms.  Some 

species are pathogenic. 

Fungi: 

 Dothideomycetes 

Cladosporium spp: One of the most common indoor and outdoor molds.  Rarely pathogenic to 

humans but is a common allergen.   

Alternaria spp: Ubiquitous in the environment.  Many species are important plant pathogens.  

Common allergens in humans and can cause opportunistic infections.  

 

 Eurotiomycetes 

Penicillium spp: Ubiquitous in soil.  Fungi that is important to both food and drug industries.  

Species is also a common allergen. 

Aspergillus spp: In humans, may cause allergies or infections, particularly in immune 

compromised individuals.  Some species like A. niger can grow in low nutrient environments 

(e.g. damp walls), contributing to mildew. 
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Important challenges in generating unbiased data from indoor surface and airborne microbial 

populations include the unknown sample collection and extraction efficiencies for the diversity of 

microbes, the impact of sample collection and transport methods on microorganism community 

descriptions, the introduction of contamination (whole cell contaminants and DNA), and the limited 

ability to quantify surface loads, the ability to produce size-resolved sampling of aerosols, and the low 

content captured on many aerosol samplers.  In the case of aerosols and surface samples, standard 

sampling protocols do not exist or have not been verified to accurately describe the indoor microbiome.  

Workshop Purpose and Objectives  

The Challenges in Microbial Sampling in the Indoor Environment Workshop was held on February 14-15, 

2011 at the National Institute of Standards and Technology to explore current aerosol and surface 

microbial sample collection techniques and identify requirements for innovation and research in the 

field of sample collections. The workshop was supported by a grant from the Alfred P. Sloan Foundation, 

and was conducted and organized through the collaborative efforts of Yale University and the National 

Institute of Standards and Technology.  

 

Experts from industry, government, and academia were brought together to explore current aerosol and 
surface sample collection methods for microbial community quality characterization.  The following 
questions regarding indoor microbiological sampling were discussed by workshop participants:  

 What are the current sample collection and processing procedures available to characterize the 

indoor microbiome? 

 What are the future requirements for monitoring and characterizing microbe communities?   

 What are the challenges and limitations with current methods, and what are the gaps in existing 

techniques? 

 What are priority issues that should be addressed to meet future requirements? What are the 

pathways and approaches that should 

be taken to develop and improve 

techniques to meet future needs? 

 

While recognizing that the microbial quality of 

water is an important source and potential 

exposure route for infectious disease, the 

traditional focus on waterborne disease has 

allowed for a much greater development of 

water sampling strategies.  Consequently this 

workshop focused on aerosols and surfaces in 

the indoor environment, as described in 

Figure 1.2. This report summarizes the results 

of workshop discussions around these 

questions, organized by the two primary 

topics of surface science and aerosols.  

Figure 1.2. Workshop Topics 

 

Surface Science �± methods for sampling, collection, 

and characterization of microbes found on a diversity 

of indoor surfaces such as carpets, upholstery, wood, 

wall board, fiberboard, ceramics, plastics, and other 

nonporous surfaces.  Techniques available today 

include vacuum or mini-vacuum devices, swabs, 

wipes and contact methods including adhesive tape, 

RODAC plates and dipslides. 

 

Aerosols �± methods for sampling, collection, and 

characterization of airborne microbes including 

allergens, toxins, bacteria and viruses.  Techniques 

used today typically include impactors/impingers, and 

filtration devices. 




















































































